BDNF is a neurotrophic peptide that regulates synaptic plasticity. New work by Lu and coworkers in this issue of Neuron now identifies BDNF as a gatekeeper of synaptic and behavioral plasticity in cocaine sensitization. In the medial prefrontal cortex, upregulated BDNF facilitates LTP and contributes to neurobehavioral adaptations to psychostimulants.
Drug addiction is an enduring psychiatric illness characterized by compulsive drug craving, seeking, and ingestion despite severe adverse consequences. Yet the potential brain mechanisms are not well understood. Recently, molecular studies focusing on glutamatergic transmission have started to shed light on the detailed synaptic mechanisms underlying addiction. Glutamatergic pathways are widely distributed in the mammalian brain and >40% of all synapses in the CNS utilize L-glutamate as a transmitter. In particular, the mesolimbic circuits, key pathways for reward and addiction, are enriched with excitatory synapses and glutamate receptors. Increasing evidence demonstrates that these synapses and receptors are sensitive targets to psychostimulants, such as cocaine and amphetamine. Chronic stimulant exposure causes dynamic remodeling of excitatory synapses, leading to persistent drug-seeking behavior (Hyman et al., 2006) .
Neurotrophins actively regulate synaptic efficacy and plasticity (Poo, 2001 ). Brain-derived neurotrophic factor (BDNF) in particular is rapidly gaining prominence as a potential gatekeeper controlling addictive behavior (reviewed in McGinty et al., 2010) . Repeated cocaine exposure elevates BDNF expression at multiple limbic sites, including the ventral tegmental area (VTA), nucleus accumbens (NAc), and medial prefrontal cortex (mPFC) (Grimm et al., 2003; McGinty et al., 2010) . These BDNF responses are thought to trigger adaptive changes in excitatory synapses, thereby inducing drug-seeking behavior. This is indeed the case for dopamine neurons in the VTA (Pu et al., 2006; Vargas-Perez et al., 2009 ). As for neurons in the mPFC, altered BDNF activity in this region has been proposed to mediate the drug's impact on excitatory synapses and behavior, but this intriguing proposal and the underlying mechanisms need to be assessed experimentally.
In this issue of Neuron, Lu et al. (2010) now provide evidence supporting the participation of BDNF in cocaine action in the mPFC. With molecular, electrophysiological, and neurobehavioral experiments, they revealed that upregulated BDNF expression in response to repeated cocaine stimulation enhances activityinduced long-term potentiation (LTP) of excitatory synapses in postsynaptic mPFC neurons. This enhancement is linked to the expression of persistent behavioral plasticity, i.e., behavioral sensitization. Mechanistically, BDNF augments LTP by suppressing intrinsic GABAergic transmission. This suppression is achieved by reducing the surface expression of ionotropic GABA A receptors via a stepwise signaling pathway involving TrkB receptors and protein phosphatase 2A (PP2A).
Drug addiction is a disease of learning and memory. Lu et al. thus tested the effect of cocaine on LTP, an activity-dependent cellular model of synaptic plasticity for learning and memory, in mPFC neurons. They subjected young rats to a repeated cocaine regimen (15 mg/kg, once daily for 7 days). After a 5-17 day withdrawal period, they monitored the induction of AMPA and NMDA receptordependent LTP in drug-treated rats. Interestingly, they found reliable LTP in layer V pyramidal neurons in mPFC slices from cocaine-treated rats, whereas LTP was lacking in saline-treated animals. The appearance of LTP is a relatively delayed event because it was not observed during an early withdrawal time (1-4 days after withdrawal). These data confirm that the mPFC is a central site where LTP can be facilitated by repeated cocaine (Huang et al., 2007) . Cocaineaugmented LTP has been consistently observed in other limbic sites, including the NAc and VTA, and is now considered a hallmark change in synaptic plasticity related to the addictive properties of drugs.
An important question is how cocaine induces LTP. BDNF is required for the induction and stabilization of LTP in many brain regions (Pang et al., 2004) and is likely a substrate mediating plastic changes in excitatory synapses. In support of this, Lu et al. find that repeated cocaine administration increases BDNF expression in mPFC tissue with a time course parallel to the induction of LTP. However, it remains unclear how cocaine increases BDNF expression. Cocaine is known to dramatically affect dopaminergic and glutamatergic transmission within the limbic system, and cocaine may facilitate BDNF synthesis or reduce its degradation through dopamine and/ or glutamate receptors. Another important open question is where exactly BDNF expression is upregulated. The upregulation could occur locally in mPFC neurons or through anterograde/retrograde transport of BDNF to the mPFC via afferent/efferent axons. If upregulation is largely confined to synaptic sites (Swanwick et al., 2004) , BDNF could readily encode changing synaptic inputs into synaptically evoked LTP. Of note, the total cellular level of the high-affinity BDNF receptor TrkB in the mPFC remained stable in response to cocaine, although cell type-specific, subcellular, or subsynaptic changes in abundance and changes in receptor function, regardless of changes in expression, are possible.
Interestingly, while repeated cocaine facilitated LTP at excitatory synapses, the drug suppressed inhibitory GABAergic transmission (Lu et al., 2010) . In cocainetreated rats, the amplitude of inhibitory postsynaptic currents (IPSCs) recorded from mPFC pyramidal neurons was reduced. Applying exogenous BDNF to mPFC slices from cocaine-treated rats had minimal impact on IPSCs, probably because GABAergic inhibition had already been suppressed by upregulated endogenous BDNF. Only in saline-treated rats is exogenous BDNF able to suppress IPSCs in mPFC neurons. Lu et al. further show a possible link between the suppressed IPSCs and the augmented LTP in postsynaptic mPFC neurons. In pharmacological studies, the GABA A receptor inhibitor SR95531 allowed the induction of LTP in the mPFC of saline-treated rats. The GABA A receptor coagonist diazepam abolished the LTP facilitation in cocainetreated rats. Thus, the inhibition of inhibitory GABAergic transmission disinhibits mPFC neurons, thereby increasing their excitability and permitting LTP induction. This type of interaction between inhibitory and excitatory synapses has been seen in many brain regions (Davies et al., 1991) .
A subsequent critical task is to identify an intracellular effector linking TrkB to GABA A receptors. Activation of TrkB receptors triggers distinct signaling cascades involving mitogen-activated protein kinase (MAPK), phospholipase C-g (PLC-g), or phosphoinositide 3-kinase (PI3K). All these cascades have been implicated in psychostimulant action at either the transcriptional or behavioral level (McGinty et al., 2010) . Instead of these known cascades, the authors find that PP2A is essential for transmitting TrkB signals to GABA A receptors. Lu et al. detected higher PP2A activity in the mPFC of cocaine-treated rats, which may lead to dephosphorylation of GABA A receptor b3 subunits, thereby accelerating receptor internalization and reducing the surface expression of the receptor (Figure 1 ). How BDNF-TrkB signals activate PP2A is unclear. It will also be interesting to define the role of other TrkB-associated cascades and signaling effectors.
As a key mesocorticolimbic site, the mPFC is critically involved in behavioral sensitization to repeated cocaine exposure. To link BDNF to behavior, Lu et al. tested whether BDNF-dependent LTP can translate to the modulation of behavioral sensitivity to cocaine. In the conventional repeated cocaine regimen known to cause reliable development and expression of locomotor sensitization, downregulation of mPFC TrkB receptors via a local infusion of adeno-associated virus carrying TrkB shRNAs reduced the sensitized motor response to a challenge injection of cocaine, indicating that BDNF-TrkB signaling contributes to behavioral plasticity. Consistent with the finding here, activation of TrkB is also required for behavioral sensitization and conditioned place preference to a single cocaine exposure (Crooks et al., 2010) .
In addition to the sensitization paradigm in response to single or repeated noncontingent cocaine injections, a more sophisticated model for assessing cocaine-seeking behavior, i.e., operant cocaine self-administration, can be used in the future to define the BDNF-LTP coupling and its significance. Previous studies utilizing these behavioral models have provided some insight into BDNF action. In the contingent self-administration model, BDNF in the NAc and VTA has been shown to enhance cocaineseeking Graham et al., 2007) . However, in the dorsomedial prefrontal cortex, infusion of BDNF normalized cocaine-induced neuroadaptations and suppressed cocaine-seeking (Berglind et al., 2009; McGinty et al., 2010) . These results underscore the complexity of BDNF function in distinct mesolimbic circuits. Future work will clarify the region-specific nature of BDNF action and further define the mechanisms underlying the influence of BDNF on addiction. Additionally, BDNF signaling appears to be a promising target for the treatment of addiction, and more work is needed to determine whether BDNF or BDNF antagonists (or both) can be effective agents for treating cocaine addiction. Visual responses in the cortex are generated by the interactions of feedforward thalamic inputs with local inhibitory and excitatory circuitry, but the exact roles of different cell types in establishing response selectivity are unclear. Two papers in this issue of Neuron (Kerlin et al. and Runyan et al.) combine two-photon imaging with guided electrical recordings to measure orientation tuning in molecularly defined groups of interneuron types. (Kerlin et al., 2010) and Runyan, Schummers, and Van Wart et al., (Runyan et al., 2010) use these complementary approaches to investigate the tuning of different types of cortical inhibitory interneuron. Although the papers reach different conclusions regarding the strength and prevalence of orientation tuning among inhibitory neurons, the apparent contradiction in their results may arise from differences in the types of neurons that the two groups sampled. This implies that these disparate findings may be more compatible than they initially appear. Cortical inhibitory neurons do not make long-range connections, but are instead involved strictly in local processing or computation. It is thus of interest to know whether and how inhibition provided by local interneurons might shape the orientation tuning of excitatory projection neurons, which do send outputs to the higher cortical areas more directly involved in generation of visual behaviors. There has been little consensus in the literature regarding this question. Until recently, most studies have focused on the cat visual cortex, in which the
